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EIGH-SPRRD TURNING AN MITLING
TN THE AUTOMORTLE THDUSTRY

M. I. Klushin, Cand Teoh Sci
Gor 'kiy Auto Plant imeni Molotsi

. ”»

s& .
1, : Thie article deecrites high-speed turning and milling of steel parts at b
: the Gor'kiy Auto Plant imeni Molntov. Catting tonols used ere primurily of ti- L)
tendum, t'mgeten, or cobalt hard elloys. . s

S

Cn High-Speed Turning -

In gare Instances, cutters made of hard alloys have T.een employed in the .
mackine shops of the Gor'kly Auicmobile Plant since 1935 - 1936 in single-tool '
and multiple-tool machinea for machining steel parts. Examples of thie are the
fivriahing of & divided atle housing witn reapect to extsrnal diemeter, finigh-
ing of the drive gear of the rear axle, and roughing and finishing the driven

gear of tne reer exle. The schedule for machining these parts is given in Ta-
ble 1, appended.

Replacing elivy RER with allcy alpha-21 has not met with success because
of the maas chipping of the cutting tools. It has become evident that these
operatione of grinding steel parts with hard-alloy tools were planned in far
fram the Vest way; the cutting speeds are relatively low and the geometry of
the tools 1s imperfect. .

Cutting-Tool Metals and Geometry .

Special experiments were conducted 1n the plant‘e metal-cutting laboratory
for the selection of herd alloys and the geometry of ths cutting edge for vari-
ous tcola. The work was performed by technoiogiste Putov and Ryazanov under -
the direction of Cendidate of Technical Scieuces Fel'dshteyn. ‘Three alloys were "
B tested, VA3, T5KI0, ang T15K6, and three typre of tuvol geometry. The resulte
of testing theee under shock and shockless load erc ahown 1t Table 2, eppended. :
Conclusions were: )
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1. It is not advieeble to employ tungeten &nd cobalt alloy VES: in i
rouguing or finishing. Titenivm alloye ehould be smploysd for high-spesd.
ing of gteel. : Ll P

2. The alloy T15K6 1o guperier to the Alloy T5K10 in cutting gqualities,
but ig infericy in brittleness. EIRDE ) ‘
3. Of the three tool gsometrisa teated inder shock end shockless load, ‘
the escond proved to be the beat {double front ‘edge with a positive vutiing angle -
&t the facs). It also required less’ cutting presgure thun the third cos.

k, he comparaiively large cisarance angle (15. dagmos) 414 not omuss .. -
chipping of theé blade even in roughing stoeel. L

tntroduction of High Speed Turiing

The first experiment-in hlgh-speed turning of stesl varts was performszd on
the MP-30" miltitool wachine in-machining the' arm of the driving gear shaft of
the GAL-AA Autamobile. (KOX improved stoel), hardness Hp equal 269 - 302 [EB -=
Brinell. herdneag ... The‘shape 'of the part is determined by the two different
Aections Lo be machined:  {(a) the pa~t's cylimdricel porti .n, whick is machined S
by eontinuous: curting with'a desd load, and.(b) the radiug of tks sector (sektar), . N
the machining. of which 1s accompanisd oy savere shocks.. The tools ‘employed kad = i
& double front edge: gemme eguale 15 degrees, gammaj equels 3 degrees, the
face £ equala 0.3 millimeters. .

The numter of revolutions of the MT-30 machine was increased by replacing
(2 - the motwa with ancther whick hef a capacity of 5.5 kilcwatte aud a greater num-
LY ber of revolutions, and by instelling new pulleys.

After the tests had been performed the machine was set as follows: equaly
. 2 millMmeters; e equals 0.2 millimeters per revolutiorn; n eguals 450 revolutions
T per minute. This givee a cutting epred of 110 meters per minute vien wechining
the radius, 55 meters per minute when machining the shaft, and 35 meters per min-
ute when machining the under cut. When working with high-speed cutting tools
the number of revolutions of the spindle wae n equals 220 per ndnute. d

However, this had to be atovped, beceuse the quantity of shaving intexrfered -
with the work. The number of revolutionu of the spindle was lowered to n equals
BE 230 per minute. The tools machining the surfaces of the ghaft and the under cut
’ vare ileft at high-speed; tne tool machining the sector was of TSK10 hard alloy.
Its goometry: alpha squals 12 degrees, gemme oquals 15 degrees; gamma) equals
¢ 5 degrees; f equals 0.3 millimeters; lambda equals pluo 10 degrees; phi equals
L 60 degrees; phij equals 15 degrees; r equals 1.5 millimeters. As & result, pro-
ductivily wes doubled in this opeoration.

Of grect interost is the high-speed turning (roughing and finiehing) >f the
tcn/_ hook of the GAZ-51 trucks on the Mode: 116 multitool semiautomatic lathe
i made by the Plant imen! Ordzhonikidze. The blank is a forging of 45 steel with :
oy a hardness of Hp equals 156 - 207. The total length of the blank is 430 millt- i
: meters, and the maximm diameter is 45 millimeters. The averuge allowence varles
fram 3 to 4.5 millimeters on each side; however, because of play the maximm al-
lovance resches, as a rule, § - 7 millimeters. Because the hook itself is not -

. : symmetrically pliced ‘elatiwe to the center of the part, there {s a disbalance .
(disbalans) of up to one kilogram, the total weight of the billet being 7 kilo-
grams . [
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The machining of the part wds: to be’dcne simultenecusly with sov

: of which one wag grooved. The roughing tools were givem the geamstry?

\ front edge gummn equals 20 degrees, ‘gamms) equals 5 degreer, f equala
meters; lembds equais plus 5 desrees, alpha equaly 12 degress.

To eliminate chipping of the blades because of incressed longltudiiag
at the moment of cutting, end because of heavy vibration iu the maching
forms vere changed, e m resalt of which the finally established spesds o
ani feed were equal to: v eguels 52 meters per minute {with n equals 53 Yy
lutions per mimute); & longitudinal.og uis 0.22 millimsters per revolutien in'in.
cialon and C.35 millimeters per revelution in subseguent work, and » trangrerse -
sgualg 0.17 millimetera per revolution.. With this the incision was wale 1ightly,
preakdoms of the tools was stopped; but. the heavy vibration and chipping of the
tools continuved. LA C

To réduce vibration the motor vea ramoved from the machlnoe and met up oz a
geparate sturdy plste; a sheet of rubber 6°-.8 millimeters thick was placed undsy
the base plste, and ‘s counterweight was inetalled on the catch plate to correct
the 4dynemic disbalance. .

- The viltwstion of the michine was scmewbat lessened, but not eliminated. The
vipration weg finally: eliminated after the radius of curvature of the cutilag
point of tha tools hed been incremsed, some to 2 - 3 miliimeters, and others %o
1 - 1.5 nillimstors. Many other erpel'lments ard:chservstions both in the lebora -
tory. and in.the  shop show that it 16 poasitle to eliminate vidrations safely And
campletely in this way.

Fliminaticn of vibcutlons of the tools operating from the resr support was
. worksd out by proper cbofce of the geometxis paramsters of vhe toois. Twe 4if-
- ferent sote of meapurements with which vibretions did not arise and In which
the sbaving came off easily aad curled freely were found: firat get -- gemnra
. equals 0; alpha equale 15 deyrees; second get -- gumsa equale 10 degrees; alpha
- equals 5 degreae (with tocl aharp).

Othe: tests for durabllity were performed with the fiont an? vear supports

working simultaneously. Toole made of ths alloyc T5K6, P5K1C, and EM were tried
' - out. It wap established that with v equals 52 meters per minute the roughing @,
tools made of alloy XM wers lesa duratle than tools of the alloy T5K10, There
vas considsrable wear on the tocls made of elloy KM after 15 - 20 parts had been
machined. On the same tools made of the alloys TSES and TSK10 there wes congid-
erably less wear, but on the other hand, in meczining parts with large pla7,
partial chipping of the T5K6 and TSKLO blades were observed, which could not be
gaid of olloy EM. The tests dictated the clolce of alloy T5K10. The gecmeiry
of the undarcutting tool im: gamma equals 10 degrees, ~lpha equals 5 degrees.
The hard ailoy used is VK8. The capacity of the motor installed in the machine
tool ig 10 ¥ilowatts.

eay

Producti7ity i high-speed turning with hard-alloy tools is 250 percent of
productivity with tools of high-speed atosl.

- High-spsed tuwrning of the main shaft in the gear box has been get up on
| the game Model 116 multitool gemiauiomatic lathe.

The part 1s made of LOX select (selekt) steel, of hardnesa Hp equals 200.
The blank of the part, with & total length of about 250 millimeters, end a 4i-
. ' amoter of 42 millimeters, is simultancously machined by six tools, tool No 6
1 of vhich is & sbaper tool. The allowances are: 2 millimeters for toola No 1
ang No 2, 1.8 m!1llixeters for No 3, 1.7 millimeters for No 4, and one millimeter
far No 5.

By replasing the pullsys, the number of revolutions of the spindle of the
machine was jncreased to 400, which is the equivalent of & cutting speed of v
equals 55 meteis per minute.

-3 .
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Tne geomstry of the roughing teols: "gemma equals 20 degraes, }
5 degrees,  equals 0.3 millimpters, lamhia eguale plus 5 degrees, al:
12 degrees, and r equals 1.5 milli:wters'.‘ Ths alloy used is TS5KLI0. .

The m:chining of the part was acccm.pe.nied by the formetion of & largp
of ghaving comirg cut in the form-of g straight ribbon ond constituting’
denger to the overator. The shaving wae curled by griniinge step on, the -
the tool. This step was ground -5 millimeters wide and 1.5 miliiumsters de.
parallel o the main uutiing eage. This step mde sure, for the avst part
that the shaving curled. \

The shaft of the steéri.g arm of -the Ghz-~ 51 truck, in contrast te the .
seme part of the GAZ:-AA 1s machined cn the TM-hb multitool semisutcmatis lathe,
The part s made of 30X gélect dteel,’ lmproved to'a hardness of Hp equals 269-321,
Four tools machine the part simultanemxaly. Tool No 4 is ths undercutting toal.,
A1l the tools are fitted with 'blades of alloy T5K10

The" gecmetry -of the roughing t ool is: gamma equals 20 degroes, gaxmme.,
oquels 5 degrees, f equale’ 0,3 millimeters, lanmbde sgquals plus 5 degresa, and
alphs: equals 12 degrees.: - The ‘aliowance 18 t equals 1 millimet.r. The cutting
rate.ls: -5 equale O, 2k millimeters por revolution, n equals 500 revolutions per
mimite, which is equivalent to'a cuiting epesd of v equals 50 metere ver mimmte
on-the spindls and v .equals 11¥ meters per minute in ihe mector (ma aok‘t*m)
The machine hes & 19-kilovett mobor. g

Machining of theo end of the Cardan shaft of the GAZ-51 has alego been set up

" on the T-hl miltitool semiautomatic lathe. The pert, which is made cut of L0 steel

is simltansously machined by four tools, of which tool No k is the shapsr tool.

The established schedule is: & equals 0.34 milJlimeturs per revolution, t equals

2 millimeters, v equals 130 meters per mitute {the mwazimum for the underouct':ig
t00l), and v equals 65 moters per mimuts {Isr the roughing tools). The gecmatry

of the tovls: for the roughing iool 4aumas agual. 20 degrees, gamma, equale 5 degroes,
f equals 0.3 millimeters, lambda equals plue 5 degreoss, alpha equale 12 degrees, N
pkl equals 70 degrees, and phij equalz 20 degress. The sllcy uged 1s T5K1D; and .
the capacity of the mechina's motor is 10 kilowatin.

. In 1946-1947, the alloy VKB, formerly used to meke tools for machining the
crown vwheel of the wesr axle, was replaced by the alloy TS5K10. It was thought
that this substitution wmid make 1* Loomible to increase the maximum outting epeed
from 49 to 80-120 meters per mimite. However, it turned out that such an increase
of cutting speed in this cese would be impossible since the showing covered the
vart end the tool, resulting in accidents.

At present, the semliautomatic dboring and turning lathe 1s used for roughing
and finishing the blank of the gear of the divided rear axle, and for undercutting
the face of the steering kmuckle of the GAZ-51. In both cases the tools are Titted
with the hard alloy TS5K10, and the speeds of cutting are set at about 50 meters
per minmute.

Hard-alloy roughing tools ar: smployed on autcmatic lathsy in machining the
bolt and shaft of the hand-brake lever.

Ths tangential roughing tool for turning the bolt 's shaft, which 1s made on a
four-gpindle automatic machine from & cube, has a dovble fromt edge: gemma equals
16 degrees, gammaq equals -I degrees with a clearance angle of alpha cquals 8 degroes .
The size of the face on the front edge is f squale 0.1-0.3 millimeters. The blade
18 made of the hard alloy T15K6. The allowens2 is t equals 3-4 millimeters; the
feed 18 8 equals 0.06 millimeters per revolution, the cniting speed 1s v equals Ll
moters per mimute. Before, when this tool wau made of highsveed steel, the cutting
apeed vas v equals 26 meters per mirmte.

k-
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The radial roughing tool for turning the two Aismeters of the shaft m &
poeitive cutting amgls of gumma equais 10 degrees and & claarmmoe gy ot
alpha equalz 6 degrees and {5 ajuipped with the bard alloy TISKS. T .
surplus being removed. 1s 1.5 ~ 2.5 millimeters, the feed im s equals O.M

xillimetara pex revolutionm, the spesd of cutting is v squals 66 meters yei
minute. When thess. tools were made. of hiah-apaed stesl, the cutting speod
wag ¥ equale 25 meters per minute. ;

For s leng time dimmemd Yoring of steal vas gsnomll; conridered wmm.o.

In ‘the: Autozobile FPlant: imeni Malotoy' ths opening under the bearing in tle o
cranksheit of the motor 12 {45 stesl; By oquals 179 - 228) 1e now beiag
sucesafully dimd-bored The ‘catter is reinforced with the Maxrd alloy
130Kk,  The operating gecmetry iei -gamms equals 5 degrees, laubix equala
plus.5 dag,reeu, ph* equals 5 degravs, alpha equale 6 degrees, smd r oquln .
0 w1l imoters, The: sufting ‘soheduint - $.equalé 0,15 pillimetors; & aqﬁala o ,
0,96 millimeters, ver revolution and v equals ;155 meters per minvte., There’ ' : )( o
{s nwpls cooling by emluion, . i ’

. Machining under ths above conditione has isdicated the following: (&) The /
duradility of the tool 18 3.5 hmzra, which 1s the oquiulent of boring 1,500
cTemkebatts; (b) 'adjusting fcr size hes to b done every 20 minutes on the
e¥srage, whicn 1s equivelsnt to boring 159 crankshatts; {c) ths Soviet alley
T30X% in this operation 1a almost twice as durable ae ths Awericam alloy Cardoloy
831; and (d) the productivity of diamcnd boring is almost thres times the
productivity of grinding.

Engineer Brakiman, who introduced “thia cperation, alao performod experiments
with the dimond boring of large erd of the conmsoting rud of tihe motor 12
{k55-2 acleot stcal, Hp equele 228 - 269).

In contrast to the precediiy cperation, the tool in this cass opsrated under
. ghock, whioh was caueed by the presence of oll grooves.

For cperation with a dynemic loald Engineer ErakXhmun came to the following
ocnclusions:

) 1. The hurd alicy T70EL is sultable for ths diamond boring of steei in
noncontinuwous sutting.

2. 'The tool must heve the opsrating gsometry: gamma equals -3 dsgrees
to -7 degroes, lambda squals plus 30 degrees to plue 35 degrees, phi equnals 40
divlded" by 45 degrees, phij equals 12 divided by 14 degrees, r equals O, and
alpha equala 7 divided by 8 degrees.

3. 'The finish of the surface after dismond boring is equal to 25 - kO mu.

%, With a cutting schedule t equals 0.2 millimeters, s squals 0.06 ’ 20
millimsters per revolution, v equala 150 meters per minute, tL~ dura®ility of :
the tool 1s 70 - 75 minutes, which is aquivalent to boring 115 - 125 shafts.

5. The machine tool for diammond boring must be designsd so that the cutter N
may be accurately and quickly sdjusted for size, eince loes of aize (in work of
first- and second-class accuracy) occurs more frequently than comspicuous
dulling of the tool. .

-5 ~
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High- Sbeed Milling

Fewer difficulties are met 1in adjusting ‘hortzontal n1lling mchinan fm
high-sveed milling with face cittors than 111 other casas.

’ A typical operation of this Ikind- g the willing of the faces of NM
i : When the machine is In a normal etate and the m11ling cutbers are suffic
sharv, this overation takes place without any complications. The TEG-82.
tool is used for milling, the faces of the crankshaft of a tractor emgine - B
Gor'xiy Automobile Flant. It is .msde of 20X ateel. The cutter was oqui'pr-"" r
the alloy T15K6,  The dimsneirns of the ‘cutter end its efficlency ave as iilowm
diemster of the cuiter is 150" millimetsrs,  rumber of teeth is 8, transverse autd
angle 1s 1C degreées, longitudimal cutting angle fs 10 degrees, cutting n}’oﬁd"iﬂ .
s ’ 200" moters per mimte, foed bar tooth 4s-0.0k millimeters, the Psed is 13% awters
X por mimx.te, machining time ig” 0 8 minutee, and dvra'bility is 25 par*e. R ‘,‘

Doapite the Tact that in this case’ thﬂ “r‘ed was .toc low for the ha;‘d-allay ' - f o
‘eriter, and that the cutting epeed was somewhet high, the machiring time of the ! ;
operation was one fourth of: what it had been and the durebility of the tool L. 65 ' : "
times &0 great ‘ . . . - N

By changing ‘the: dasign of the cutter 5 mchining time was ouyv to ome fomh
its previous time, wiile the tool lasted. 2.5 times as long. High-speed mﬂ.ung :
wag. employed for milling the faces of ths driving gear of the GAZ-AA rear axle’ : ) . R
on the verticael milling machine with eircular feed. The material being machined is 20X :
eteel with a herdness Hp equals 207, and an established cutting spesd of v ‘equals
207 weters per minute, and an instantanecus feed of 462 meters per mimute. Pigh-
spesa’ cutters worked on this operation with a cutting spead of 20 meters per
. minmute, and an Instantaneous fsed of 110 moters psr mimnte.

The cutting speed is increased by changing the geare in the gear sedge of
the machine and putting nev pulleys om the shaft of the motor. Wiht this speed,
the durability of the cutter is 2L0-270 minutes.

High-speed milling on harizountal and vertical milling mechines has alac
been mich used in the tool and die shop and in other auxiliary shops of the Gor'kiy
Automobile Plant.

Ia scmclusion we shall deecribe an experiment 1n the conversicn of tha
piening mackine for long werk into a milling wachine by installing a high-povered
engine & a apoclally designed head on the crossarm. This chenge was propcesed by
¥. Ya. Frolov,

An adequstely rigid planing machine for long work was selscted for conver-
slon. The cutter hcldere 'ere removed from the crossarm of this machine and
roplaced by a specisl head with a LO-kilowatt eleciric motor having a speed of
1,420 revolutions per minute.

The ranges ¢f speeds when machining with milling heads with diameters of
150 - 250 millimeters were from 5.6 to 473 meters per minute.

e In the head, the idler ehafts operate on dall boariugs and the spindle
LY ou conlcal roller bear’ngs.
The rapid raising and lowering of the cutter 1s dune by relsing and lcwer-
ing the crosserm of the machine. Setting the depth tn be traversed is accomplished
by raising and lovering the homsing In vhich the epir Zle bearings are locnted.
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the housing im rai&ed ‘and-lowered as Tollows: A out is
of the honsing end & worm whesl.with a cut in its borw 1is sereve
The wormwheel 18 attachsd to:the body of the Yesd in euch & Wiy thad
poseibility of exial zusplucement ; the worm w»hesl 1m rotated by
‘herd rof&tsd by the cperstor. "’hue, by rotatmg the vorm the, ope: M‘
hoight of the face cutter. .. |

& flyvhesl with a ddemeter of 40O’ nulimtera and a weizht of 5
vag placad at the upper end of the spinalo to make the face gutter work

. Since ‘the longitudinal speed of the table of the planing mhine m tqo .
great for milling feede, an.additional two-step reduder was plesed in the full.
cireuit. After this conversion the machine hae the following feeds: 150, 200, ;
290, 310, 400, k90, 620, and 78() millimetere per minute. ‘

This modified machine can perrom‘l_:i_gh'—epeed milling of steel and pig iron.:

At all the aforsmentiocned  cutting apesds the machine cperates emoothkiy and
no ‘atrain. (s vibration are observed; .despito the fact that the work is frequently
performed with very desp cuts and uneven, allovance vitb reapect to the akin of
the cagt blank. :

A nild mg Qut*er with sight detabhable toeth of allcy T15K6 18 uead. The
dismater of the dutter {s 200'millimeters, ‘the tutting angles (radiel &nd axiel)
“are 10 degreso,end the clesrance angle i plus 12 degrees.

The maximum allowance removed by the cutter 1s 10 millimeters. the cutting
epsed 18 v equels 100 - 1i0 meters per minute; end the feed per tooth 1s &; equils -
0,13 aillimeters. e

The vroéutti7ity in high-spasd milling of dle cubes (kubik shtampov) is four
tﬂines the produstivity of planing.

Teble 1
£icd of c'uttmg Regquired Al- Dura- Ma- C
Stsei and Schednle Sharpening loy bili- chine
G- Brinell ty (1n g
ler Opsration Herdnees v 8 t ophi phy gem- el- T min)
ma pha
1 Turning after 40 improved 12.8 0.38 1.0 75° 300 7° 6° 2.0 B8 .0-50 )
removal of steel :
skin of

"divided axle Egs 293-330

2 Finiahing 6120 eteel 58.0 0.58 1.0 75° 35° 109 6° 1-1.5 RES 800-900 Multi-

taper of tool
driving Ep- 156-207
goar of .
rear axle
3 Roughing oXx 49.6 0.3 2.5 70° %° 5% 59 3.0 RES 30-100 Multi- .
driven gear apindle 2
of rear axle Hp~ 160-210 boring -
eand )
turning
latho
4 Finiehing Ep© 160-21C 49.0 0.34 0.759¢° 82 5> 5° 1.0 RES 250-500 Bemi-
this gear auto-
matic
lathe
- 7 - .
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| Teble 2. v

Tyrs Geometry of phi . ‘Cuttlng Schedule Duld:

of ' Sherpsning phi; - (om) e Afte
‘ o Bhear- ) ‘Bteel . .v ] t .
5 . . pen- ' (n/min} - (mnfrev) (=) .

I 60 1.0 38X 65 000 3.0 1.60 6.0
10 RN .
E, g__ 1.0 3L 1000 0.3 3.0 Burned0.h | O

II

60.1.0 38X 65 0.3 3.0 6.9 0.3%

60 1.07/38K 100 0.3 . 3.0 Burned 0.35
16 S

. 6. 1.1 1,1 Uoifers
10 L e e , o ‘ losd-

s6x '65 0.3 3,0 1.

2
15
(=)
"\

IIx

60 1.0 38 260 0.3 3,0 Buped 0.35 0.18 Vnifur:i
10 load

o~
o -
e od -END -
Al
. .
3
- :
x |
;__ o
|
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